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Abstract: Osteoporosis and low bone mineral density affect millions of Americans. The majority of adults in North 
America have insufficient intake of vitamin D and calcium along with inadequate exercise. Physicians are aware that 
vitamin D, calcium and exercise are essential for maintenance of bone health. Physicians are less likely to be aware that 
dietary insufficiencies of magnesium, silicon, Vitamin K, and boron are also widely prevalent, and each of these essential 
nutrients is an important contributor to bone health. In addition, specific nutritional factors may improve calcium 
metabolism and bone formation. It is the authors' opinion that nutritional supplements should attempt to provide ample, 
but not excessive, amounts of factors that are frequently insufficient in the typical American diet. 

In contrast to dietary insufficiencies, several nutrients that support bone health are readily available in the average 
American diet. These include zinc, manganese, and copper which may have adverse effects at higher levels of intake. 
Some multivitamins and bone support products provide additional quantities of nutrients that may be unnecessary or 
potentially harmful. 

The purpose of this paper is to identify specific nutritional components of bone health, the effects on bone, the level of 
availability in the average American diet, and the implications of supplementation for each nutritional component. A 
summary of recommended dietary supplementation is included. 
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INTRODUCTION 

Approximately ten million Americans over the age of 
fifty have osteoporosis and another 34 million have low bone 
mass [1]. After the age of 50 years, a woman's risk of dying 
from a hip fracture is equal to her lifetime risk of dying from 
breast cancer [2, 3]. Almost one out of five patients with a 
hip fracture dies within six months and one out of four dies 
within a year [3, 4]. Many of these deaths are related to the 
immobility and increased metabolic demands caused by the 
fracture. Even though survival rates have improved in the 
first few weeks after a hip fracture, the one-year death rates 
have not improved over the last 40 years [4]. When patients 
survive more than a year, they are at increased risk for 
fracture of the opposite hip with subsequent morbidity and 
mortality. The limited mobility, and increased metabolic 
demand required to heal the injured hip contribute to 
weakening of the opposite hip. In the year following a hip 
fracture the loss of bone mineral density in the opposite hip 
is five times greater than expected bone loss in women who 
do not have a hip fracture [5]. Also, a younger age at time of 
the first fracture increases the risk of a second fracture [3]. 

Healthy nutritional habits combined with exercise should 
be encouraged to maintain bone health [1]. However, dietary 
supplementation with calcium and vitamin D is 
recommended for postmenopausal women to decrease the 
risk of fracture [6]. Additional management for osteopenia or 
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osteoporosis may include medications, lifestyle changes, 
home safety modifications, hip protectors, and fall 
prevention. The purpose of this review is to identify several 
essential nutrients for bone health and compare the 
recommended intake to the dietary intake from the average 
North American diet. The role of exercise will also be 
identified as an important and frequently insufficient factor 
for bone health. 

VITAMIN D, CALCIUM, AND EXERCISE 

There is increasing recognition that insufficient exercise, 
poor vitamin D levels and low dietary calcium are common 
in modern society. Approximately 70% of children in the 
USA are insufficient or deficient in Vitamin D [7]. Similar 
prevalence of vitamin D insufficiency has been reported in 
adults. Dietary sources of vitamin D include oily fish such as 
salmon and swordfish, with lesser amounts in tuna and other 
fish. It is difficult to consume sufficient amounts of vitamin 
D from dietary sources alone. The average adult American 
diet only contains 150-300 IU of Vitamin D per day [8]. 
Recommended dietary allowance of Vitamin D for adults is 
600-800 IU per day, but higher levels may be optimal [9, 
10]. A 2005 meta-analysis published in the Journal of the 
American Medical Association reported that supplements in 
the range of 700-800 IU/day decreased the risk of fractures, 
but doses of 400 IU/day were not as effective [11]. The 
Endocrine society recommends 1500-2000 IU of daily 
vitamin D, and current research suggests that supplemental 
vitamin D is associated with decreases in mortality [9, 10, 
12, 13]. Therefore, supplementation with 400 IU to 1,000 IU 
of vitamin D per day is reasonable for the majority of 
healthy Americans. 
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Calcium intake is also low for most age groups in the 
United States. The principal dietary source of calcium is 
milk and milk products although lesser sources include 
salmon, almonds, and leafy green vegetables such as 
spinach, kale, and turnip greens. The recommended dietary 
allowance of calcium is 1,200 mg/day but the majority of 
women older than forty consume less than 600 mg/day in the 
United States [14]. The average dietary calcium intake is 
below the recommended amount for 60-70% of teenage girls 
and for 70% of post-menopausal women [15]. Low calcium 
intake correlates with increased risk of hip fracture, but 
increasing intake above 750 mg/day does not correlate with 
progressively lower risks of hip fracture [16-18]. There may 
be additional health benefits from slightly higher levels of 
calcium intake, so an appropriate supplementary dose is 400- 
800 mg/day in order to achieve 1,2000 mg/day as 
recommended by the National Institutes of Health [14, 19]. 
Very high levels of calcium supplementation have been 
associated with increased risks of kidney stones and 
myocardial infarction [19, 20]. Therefore, calcium suppleme- 
ntation should achieve the recommended dietary allowance 
without providing excessive amounts. 

Modest exercise is also essential for general health and 
for bone health. Approximately 40% of adults do not 
participate in leisure time physical activity [21]. A 2005 
report from the Centers for Disease Control and Prevention 
noted that two thirds of high school students were below 
national standards for moderate physical activity [22]. Just 
15 minutes of modest exercise a day can significantly 
prolong life and decrease the risk of cancer and other 
diseases [23]. Only 20 minutes of modest impact activity, 
resistance training, or vibration therapy three times a week 
can improve bone mineral density [2, 24]. Exercise also 
decreases the risk of falls by improving muscle tone, balance 
and coordination [25]. Therefore, modest exercise should 
also be recommended as part of a bone health program. 

LESSER KNOWN NUTRITIONAL NEEDS 

What is less known to practicing physicians is that 
several other vitamins and minerals are associated with 
improved bone strength independent of vitamin D and 



calcium. As stated by Munger, et al., "The preoccupation to 
date with calcium has resulted in less emphasis on the role of 
other nutrients in bone quality and osteoporosis [16]." 
Examples of common insufficiencies in addition to Vitamin 
D and calcium are magnesium, silicon, vitamin K, and 
boron. (Table 1) [26-30] 

Magnesium is increasingly recognized as an important 
contributor to bone health [31-33]. A study of women with 
osteoporosis in Israel reported significantly increased bone 
mineral density with 250 mg/day of magnesium supplement 
when compared to a control group who did not take 
magnesium supplements [34]. Dietary sources of magnesium 
include almonds, cashews and peanuts. Other sources 
include raisin bran cereal, potato skins, brown rice, kidney 
beans, black-eyed peas and lentils. Eight ounces of milk has 
approximately 25 mg of magnesium. The recommended 
dietary allowance for optimum health is 320-420 mg [35]. 
However, more than half of the US population consumes less 
than 245 mg per day [28]. Thus modest supplementation 
with 250 mg/day of magnesium is reasonable to support 
bone health, and for other aspects of general health [32]. 

Silicon is another important contributor to bone health 
[36-38]. Silicon is an essential nutrient and silicon deficiency 
is associated with poor skeletal development [37, 39]. 
Carlisle performed electron probe microanalyses of various 
regions of bone and determined that silicon is twenty-five 
times more concentrated in immature osteoid than in mature 
bone [40]. Carlisle concluded that silicon plays a role in the 
initiation of the mineralization process. It is also known that 
silicon is used in micro-pressure transducers and in the 
computer electronics industry because of silicon's unique 
piezoresistive properties as a semi-conductor element [41]. 
The relationship between silicon and bone mineralization is 
poorly understood, but negative piezoelectric forces are 
generated and stimulate bone formation when collagen 
matrix is subjected to compression [42, 43]. Epidemiological 
studies report that dietary silicon intake of more than 40 
mg/day correlates with increased bone mineral density, but 
the average dietary intake of silicon is 20-30 mg/day [29, 
44]. Dietary sources of silicon include whole grains and 
cereals, carrots and green beans [45]. Some types of mineral 



Table 1. Common Nutrients for Bone Health 



Nutrient 


Recommended Dietary Allowance 


Median Intake 


Authors' Preferred Supplementation 


Vitamin D 


600-800 IU 


150-300 IU 


400-1000 IU 


Calcium 


1000-1200 mg 


735 mg 


500 mg 


Magnesium 


320-420 mg 


243 mg 


250-350 mg 


Silicon 


*40 mg for bone health 


21 mg 


20-40 mg 


Vitamin K 


90-120 ugm 


70-80 ugm 


50-150 ugm 


Boron 


*3 mg for bone health 


1 mg 


1-3 mg 


Vitamin C 


75-90 mg 


103 mg 


50-100 mg 


Copper 


0.9 mg 


1.1 mg 


None 


Zinc 


8-11 mg 


9.6 mg 


None unless vegetarian or elderly 


Manganese 


1.8-2.3 mg 


2.8 mg 


None 



Ref: [26-30] 

* RDA not established. 
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water also contain silicon in the form of orthosilicic acid 
[46]. Beer is a rich source of silicon because of the 
processing of barley and hops [47]. Men consume more 
silicon them women and this is primarily due to differences 
in beer consumption [45]. Post-menopausal women rarely 
achieve 40 mg of silicon per day and average approximately 
18 mg per day [29, 48]. Also, post-menopausal women may 
not absorb silicon as well as younger women. Thus, silicon 
supplementation with approximately 20-30 mg/day may 
benefit bone health for the majority of Americans who do 
not consume beer on a regular basis. 

Vitamin K is another lesser known nutrient that is 
important for bone health. Vitamin K has several different 
forms, but vitamin Ki and K 2 are the naturally occurring 
forms [49]. The name for this vitamin comes from the 
German word "Koagulationsvitamin" because it is essential 
for coagulation of blood. Excessive vitamin K does not 
increase the risk of blood clots, but those taking warfarin 
(Coumadin®) for anti-coagulation should avoid supplemental 
vitamin K because warfarin is a vitamin K antagonist [28, 
49]. Insufficient vitamin K is associated with under - 
carboxylation of osteocalcin, osteopenia and increased 
fracture risk, while vitamin K supplementation reduces bone 
turnover and improves bone strength [28, 49]. Useful dietary 
sources of vitamin K include kale, collard greens, fresh 
spinach, Brussels sprouts, iceberg lettuce, and prunes. The 
optimum daily intake of vitamin K has been established as 
90 ugm (micrograms) per day for women and 120 |agm per 
day for men. However, larger amounts may be needed for 
complete carboxylation of osteocalcin [28]. According to the 
Third National Health and Nutrition Examination Survey, 
approximately half of the men and women in the United 
States consume less than the recommended amount of 
vitamin K, and one quarter of the population consumes less 
than 60 ugm per day [28] In a study of hip fracture risk, 
women who consumed more than 109 ugm of vitamin K per 
day had an decreased risk of hip fracture compared to 
women with lower levels of vitamin K intake [50]. Vitamin 
K 2 has been administered in pharmacological doses for 
osteoporosis treatment in Japan with doses ranging from 15 
mg/day to 135 mg/day (over 1,000 times the recommended 
daily allowance) [51]. Doses of 45 mg/day have decreased 
fracture rates 37% which is similar to fracture decreases 
following treatment with bisphosphonates. However, lower 
fracture rates from vitamin K supplementation are not 
accompanied by increased bone mineral density [51, 52]. 
This suggests that vitamin K improves bone properties that 
increase bone strength without increasing mineral content. 
Vitamin K has no toxicity except for those using warfarin, so 
supplementation with 100 ngm/day would to achieve slightly 
more than the recommended daily allowance and may have 
beneficial effects on bone structure. 

Boron is increasingly recognized as an element that has 
several health benefits including bone health [53-55]. Boron 
is a semi-conductor with the atomic number of 5. The 
precise mechanism of action of boron for bone health is 
unknown, but boron stabilizes and extends the half-life of 
vitamin D and estrogen [28, 53, 54]. Approximately half the 
population in the United States consumes less than 1 mg of 
Boron per day [28]. Supplementation with 3 mg. of boron 
per day for post-menopausal women has demonstrated 
improved calcium and magnesium retention by the kidneys 
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[56]. Increased bone strength has also been demonstrated in 
pigs fed a diet supplemented with boron [57]. Prunes are a 
rich source of boron with approximately 3-4 mg of boron for 
every three ounce serving of prunes [30]. A study of 
postmenopausal women reported that a 3-ounce serving of 
prunes daily for a period of one year improved bone mineral 
density but dried apples did not [58]. The Recommended 
Daily Allowance of boron has not been established, but no 
toxicity has not been identified and excess boron is rapidly 
excreted in the urine [28]. Thus, it is reasonable to 
supplement the diet with 1-3 mg of boron although this 
dietary need may also be met by increased consumption of 
foods such as prunes, raisins, dried apricots, or avocados. 

These lesser known insufficiencies of magnesium, silicon, 
vitamin K, and boron are rarely explained to physicians 
although the more common insufficiencies of calcium, vitamin 
D and exercise are increasingly recognized as contributors to 
bone health. In addition to these essential nutrients, vitamin C, 
inositol and L-arginine have beneficial effects on bone health. 
These three nutrients have been correlated with increased bone 
mineral density and improved bone strength when provided in 
physiological amounts [59-64]. The actions of these three 
factors are to improve various aspects of the bone formation and 
remodeling as well as calcium absorption and retention. 
Vitamin C is essential for the formation of collagen and for 
fracture healing [65]. The evidence for supplemental vitamin C 
in the management of osteoporosis is weak, but increased bone 
mineral density has been noted in postmenopausal women 
taking vitamin C supplements [63, 66]. Inositol is a 
carbohydrate compound found in cantaloupe, grapefruit, 
oranges, and prunes [67]. It is also found in the form of phytate 
in whole grains. Experimental studies using radioactive calcium 
have reported increased calcium uptake in bone in response to 
supplementation with myo-inositol [68]. Low phytate 
consumption has also been associated with osteoporosis in an 
epidemiological study [64]. L-arginine is a semi-essential amino 
acid and serves as a substrate for production of nitric oxide 
(NO) that improves endothelial function, reduces vascular 
resistance, promotes angiogenesis, and influences numerous 
metabolic processes [69, 70]. Experimental studies have 
determined that nitric oxide is released in response to 
mechanical stress on bone, and that blocking the release of nitric 
oxide interferes with fracture healing [71, 72]. Dietary arginine 
is available in dairy products, poultry, seafood, and meat in 
addition to nuts and oatmeal. There is some evidence that 
supplemental l-arginine influences vascular relaxation and 
should not be used as a supplement following myocardial 
infarction, especially in patients older than 60 years at time of 
infarct [73, 74]. Studies where arginine, inositol, and silicon 
were taken together demonstrated increased bone mineral 
density and increased bone strength [61, 62, 75]. Mega-doses of 
these three supplements have been used without adverse effects 
as anti-oxidants (vitamin C), or to enhance sports performance 
(L- Arginine), or to improve psychiatric disorders (Inositol). 
However, mega-doses may not be required to influence bone 
health. Supplementing the diet with physiological amounts of 
these three nutrients may support bone health. 

QUESTIONABLE SUPPLEMENTS 

Some essential nutrients for bone health are readily 
available in the typical American diet. These include zinc, 
manganese, and copper. These nutrients are usually 



146 The Open Orthopaedics Journal, 2012, Volume 6 



Price et al. 



consumed in amounts that meet or exceed the recommended 
dietary allowance, so they should not need supplementation 
unless a disease state is present. Regardless of wide 
availability, these metals are frequently added to dietary 
supplements. It should be noted that high levels of 
supplementation with zinc, manganese and copper may have 
deleterious effects. 



The Recommended Daily Allowance of zinc for men is 
1 1 mg/day and for women is 8 mg/day. The average intake 
from dietary sources is 14 mg/day for men and 9 mg/day for 
women [28]. Therefore, supplementation is unnecessary for 
the typical American diet. Zinc is found in a wide variety of 
foods including red meat, lamb, shell fish, seeds, nuts, dairy 
products, poultry, and beans. Vegetarians and older 



Table 2. Nutrient and Dietary Sources 



TVntripnt and Dicta rv Snnrcps 


\ — UU Kill 


Calcium 




6 oz. calcium-fortified orange juice 


375 mg 


8 oz. milk or yogurt 


350 mg 


1.5 oz. cheddar or mozzarella cheese 


300 mg 


3 oz. canned salmon or sardines 


200 mg 


2 oz. almonds 


150 mg 


1 cup frozen yogurt, cream cheese, or cottage cheese 


125 mg 


'A cup spinach, kale, bok choy, mustard or turnip greens 


100 mg 


l A cup broccoli, green beans 


20 mg 






Magnesium 




2 oz. almonds, cashews 


160 mg 


2 oz. peanuts, mixed nuts 


100 mg 


1 cup raisin bran, bran flakes, shredded wheat cereal 


75 mg 


Medium baked potato with skin 


50 mg 


l A cup brown rice, black-eyed peas, pinto/kidney beans, lentils 


35 mg 


8 oz. milk 


25 mg 






Silicon 




16 oz. beer 


12 mg 


16 oz. FIJI® water 


45 mg 


16 oz. Volvic® water 


15 mg 


1 serving whole grain cereal, granola, prunes, or apricots 


9mg 


Vi cup brown rice, green beans 


4 mg 






Boron 




Small box raisins, [ A cup prunes or almonds 


1 mg 


l A cup peanuts or apricots 


1 mg 


Vi avocado 


1 mg 






L-arginine 




3 oz chicken, turkey, beef, or pork 


2.0 gm 


3 oz. salmon or shrimp 


1.1 gm 


l A cup peanuts 


1.0 gm 


% cup almonds, cashews, or 1 egg 


0.75 gm 



TVntripnt anrl Dicta rv Sources 

1 1 U 1.1 1C11 L tX 1111 L/lVlHl > JU 111 VCfl 


\ — Ull ICII 1 


Vitamin D 




1 tablespoon cod liver oil 


1,350 IU 


3 oz. sword fish, salmon 


500 IU 


3 oz. canned tuna 


150 IU 


8 oz. vitamin-D fortified milk 


125 IU 


3 oz. beef liver, one large egg yolk 


40 IU 






Vitamin K 




'A cup cooked kale, collard greens 


500 ugm 


1 cup fresh spinach 


140 ugm 


'A cup cooked broccoli, or Brussels sprouts 


120 ugm 


Vi head Iceberg lettuce, or 3 / 4 cup raw broccoli 


70 ugm 


'A cup coleslaw or 1 cup blueberries 


40 ugm 






Vitamin C 




3 A cup orange juice 


93 mg 


A cup grapefruit juice 


70 mg 


Vi cup cooked broccoli 


51 mg 


l A cup fresh strawberries 


49 mg 


3 /4 cup tomato juice 


33 mg 


'A cantaloupe 


17 mg 






Inositol 




'A cantaloupe 


355 mg 


1 fresh orange 


300 mg 


'A cup prunes (6-8 oz) 


250 mg 


l A fresh grapefruit, one fresh lime 


200 mg 


'A cup green beans 


150 mg 


1 kiwi fruit 


130 mg 


1 cup watermelon, or 1 fresh peach 


60 mg 


1 cup chocolate milk 


45 mg 
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individuals may have insufficient zinc intake. After the age 
of 60 years approximately 35-45% of Americans have 
inadequate dietary zinc intake unless they are receiving some 
dietary supplementation [43]. Several popular multi-vitamins 
provide more than 15-30 mg of zinc as a nutritional 
supplement even though the tolerable upper level 
recommended by the National Institutes of Health is 40 
mg/day [76]. Long-term supplementation with more than 20 
mg per day may be harmful unless the person is a vegetarian 
or malnourished [28, 77]. 

Manganese intake is also sufficient in the average 
American diet. The Recommended Daily Allowance is 1.8 
mg/day for women and 2.3 mg/day for men. Typical non- 
vegetarian Western diets provide 3mg to7 mg of manganese 
per day [28]. Dietary sources of manganese include cereals, 
nuts, pineapples, beans, mollusks (clams, oysters, mussels), 
dark chocolate, cinnamon, and tea. Excessive intake of 
manganese is associated with cognitive disorders in adults 
and children [78, 79]. When intake of iron and manganese 
are increased through supplementation, the risk of 
Parkinson's disease is doubled [80]. Consuming more than 
11 mg/day may have harmful effects according to the 
National Institutes of Health [28]. In spite of this 
information, some daily multi-vitamins provide 2-4 mg of 
additional manganese. 

The Recommended Daily Allowance of copper is 0.9 
mg/day. However, dietary copper is available in a wide 
variety of foods including meats, seafood, nuts, grains, and 
cocoa products. The average American consumes 1.1-1.4 mg 
of copper per day and dietary copper insufficiency is rare in 
North America [28]. The National Academy of Sciences 
recommends that daily copper intake should be less than 10 
mg/day [28]. 

STRONTIUM 

Strontium is another nutritional supplement that should 
be questioned as a bone health product. Strontium is not an 
essential nutrient and it displaces calcium in bone [81]. 
Strontium has gained attention for bone mineralization in 
part because it increases bone density as measured by x-ray 
tests and DXA Scan [82, 83]. However, this effect is partly 
caused by the strontium itself because strontium is a heavier 
element than calcium. Strontium is considered an alkaline 
earth metal with an atomic weight of 87.63. That makes it 
much heavier than calcium and it replaces natural calcium in 
bone. This gives the DXA scan a denser appearance because 
strontium absorbs the x-rays [83]. The x-ray absorbing 
properties of strontium gave rise to its use in early color 
television tubes so that x-rays would be absorbed by the 
strontium and prevent irradiation of viewers [84]. Strontium 
ranelate in doses of 2 gm/day have been used for the 
treatment of osteoporosis in several countries, but the United 
States Food and Drug Administration has not approved the 
use of strontium ranelate in the United States [85, 86]. Oral 
intake of 2 gm/day of strontium ranelate have improved bone 
strength and reduced fracture rates in women with 
osteoporosis, but there are reports of increased risks of 
venous blood clots and memory loss [82, 87]. Strontium also 
accumulates in the body and remains there long term [82]. 
Therefore, strontium may need more evaluation before it 
becomes a routine treatment of osteoporosis. 
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SUMMARY 

Nutritional needs for bone health can be met with proper 
food choices. (Table 2) However, supplementation of the 
average American diet is recommended for vitamin D, 
calcium, magnesium, silicon, vitamin K, and boron. Regular 
exercise is also important for bone health. Modest amounts 
of zinc supplementation may be appropriate for vegetarians 
and for older individuals. However, routine supplementation 
with zinc, manganese, copper and other metals is generally 
unnecessary, and excessive supplementation may be 
harmful. Supplementation with strontium should also be 
questioned until long-term risks and benefits are better 
understood. 
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